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ABSTRACT

Melanoma is one of the most immunogenic tumors and its relationship with 
host immune system is currently under investigation. Many immunomodulatory 
mechanisms, favoring melanomagenesis and progression, have been described to 
interfere with the disablement of melanoma recognition and attack by immune cells 
resulting in immune resistance and immunosuppression. This knowledge produced 
therapeutic advantages, such as immunotherapy, aiming to overcome the immune 
evasion.

Here, we review the current advances in cancer immunoediting and focus on 
melanoma immunology, which involves a dynamic interplay between melanoma 
and immune system, as well as on effects of “targeted therapies” on tumor 
microenvironment for combination strategies.

INTRODUCTION

Cutaneous melanoma (CM) is the most common 
skin cancer with an incidence that is rapidly increased in 
the past decade [1]. It is estimated that in 2017 there will 
be approximately 87,000 new cases of melanoma in USA 
and that 9,000 people will die of this cancer. Despite the 
encouraging clinical results of novel therapies, the prognosis 
is poor and partly dependent on the physical patterns of the 
primary lesion including thickness, involvement of lymph 
nodes and propensity of malignant cells to colonize distant 
tissues. The interplay of melanoma cells with other cells 
resident within the tumor microenvironment significantly 
influences the tumor biology as proliferation, differentiation 
and progression [2]. On the other hand, melanoma cells 
bear a peculiar immunogenic profile and provide a suitable 
model to investigate the molecular crosstalk of cancer 
cells with cells of the immune system and advances in this 
contest have discovered novel molecular targets on immune 
cells to develop efficient therapeutic strategies.

During the melanomagenesis [3], both cell 
proliferation and apoptosis are associated to the immune 

editing that includes inter-connected phases as elimination 
of tumor cells based on immunosurveillance, equilibrium 
between tumor and immune cells and escape or immune 
evasion. The elimination is based on sequential events 
leading to the anti-melanoma cytotoxicity by natural killer 
(NK) and dendritic cells (DCs), T-cells, B-cells either within 
the tumor microenvironment or in peripheral tissues [4]. 
The equilibrium consists in a prolonged phase during which 
the tumor cells are constantly suppressed whereas the next 
step is characterized by the selection of resistant variants 
that critically induce the cancer cell immunogenicity. 
This is the longest of the three phases required for 
immunoediting although its definite development may 
require over a period of years [5]. The equilibrium phase, 
therefore, is mostly characterized by a ‘quiescence’ during 
which either proliferation or expansion of cancer cells are 
counterbalanced by the adaptive immune system. In this 
context, T-cells are major players enrolled in activating 
the equilibrium phase, although tumor cell variants 
progressively lose major histocompatibility complex (MHC) 
class-I and -II molecules, thus releasing relevant amounts of 
antigens. Although a number of studies have demonstrated 
the role of IFN-γ in supporting the immunosurveillance, 
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recent evidence clearly shows that lymphocytes are pivotal 
for this function. Furthermore, mouse models knockout for 
the recombination activating gene (Rag)-1 or Rag-2 fail to 
rearrange the lymphocyte antigen receptors, thus resulting 
in defective production of mature peripheral B cells as 
well as NK T cells (NKT) or αβ and γδ T cells. Moreover, 
Rag-2-/- mice subcutaneously injected with the chemical 
carcinogen 3’-methylcholanthrene (MCA) showed a high 
incidence of sarcomas with respect to wild-type controls 
[6], while further studies emphasized the role of T cell 
subsets in the maintenance of immunosurveillance based 
on the increase susceptibility to the MCA-induced cancer 
of both TCR β-/- and TCR δ-/- mice. In addition, the primary 
role of αβ and γδ T cell subsets has been also demonstrated 
in promoting functional antitumor immune response [7] 
and IFN-γ production within tumor microenvironment. By 
contrast, the immune escape depends on the exhaustion 
of the immunosurveillance as well as on the activation of 
events that disable the immune-mediated recognition of 
malignant cells.

The functional exhaustion of the immune 
system depends on the persistent antigen exposition 
by melanoma cells and induces the hyper activation 
of inhibitory checkpoints on immune cells as result 
of a negative feedback for the cytotoxic T-cells [8, 9]. 
Similarly, the enrichment of the melanoma environment 
in tumor-associated macrophages (TAMs), regulatory 
T cells (Treg) and myeloid-derived suppressor cells 
(MDSCs) represents an additional mechanism that 
promotes the defective cytotoxicity of T-cells. On the 
other hand, the inefficient killing of malignant cells is 
mostly due to a direct effect of melanoma cells through 
the over-production of negative modulators of immune 
cell [10] including adenosine, tumor necrosis factor-β 
(TGF-β), vascular endothelial growth factor (VEGF) 
and indolamine 2,3-dioxygenase (IDO) [11, 12] as well 
as by the loss of both class I and II antigens of the major 
histocompatibility complex (MHC).

Based on the knowledge of the melanoma biology, 
new therapeutic strategies including CTLA-4, PD-1 and 
PD-L1/2 blockers, aimed at restraining the molecular 
interplay between tumor cells and effector immune cells, 
have been developed and results from extended clinical 
trials describe a revolutionary improvement in the 
management of melanoma patients [13-18].

Here, we revisit both cellular and molecular 
events that balance immunosurveillance and editing in 
melanoma biology as major mechanisms involved in 
tumor progression and a brief description of the innovative 
therapeutic strategies against this tumor.

The immunogenic behavior of melanoma cells

Immunogenicity of a tumor is the capacity to induce 
adaptive immune responses that can prevent its growth 
and melanoma cells are considered highly immunogenic or 

capable of activating or modulating the adaptive immune 
response resulting in the balance between survival and 
proliferation [6]. However, despite this interpretation, 
the exact understanding of this process is still evolving. 
Different mechanisms regulate both antigen expression and 
presentation that thus appear as major events determining 
the tumor immunogenicity [19]. Notwithstanding the 
continuous crosstalk of melanoma cells with DCs and 
T-cells in both peripheral blood and lymph nodes, the 
immune editing during the progression of the disease is 
progressively lost. This event perhaps represents the major 
reason of the uncontrolled proliferation of tumor cells as 
well as of their migration capability to distant sites. On the 
other hand, the spontaneous tumor regression frequently 
observed in clinical practice is associated with functional 
T-cell activation and provides a potential explanation for 
the break between tumor proliferation and immune system 
control [20].

Generally, the immunogenicity has been considered 
for long time the boundary to discriminate self from 
non-self. Therefore, the immunogenicity requires that 
melanoma cells express adequate levels of antigens capable 
to elicit immune activation instead of immune tolerance. 
This, however, depends not only on the antigenicity of 
cancer cells but also on functional interactions among 
immune cells as well as on immunomodulatory factors 
released by the tumor cells [21].

The reasons underlying the immunogenicity [22] 
of melanoma cells are unclear and depend on molecular 
events that enhance their proliferation and expansion 
within the tumor microenvironment in the presence 
of inhibitory signals by interleukin (IL)-6, IL-10 and 
TILs, namely the tumor infiltrating lymphocytes. Their 
persistent activity against the malignant cells promotes 
the exposition of tumor neo-antigens deriving from 
continuous mutations that drive a consistent number of 
amino acid coding sequences as non-synonymous somatic 
mutations.

The molecular mechanisms that regulate the immune 
response in melanoma and its spontaneous regression 
sporadically observed in the clinical setting are unclear 
and are partially explained on the number of somatic 
mutations of coding exons and/or the splice junctions that 
recur in melanoma cells as well as on the high mutational 
load and the mutagenic signature induced by ultraviolet 
light [23]. Additional studies also showed that melanoma 
cells may acquire up to more then one hundred mutations 
per megabase thus bearing a high mutational load with 
respect to other malignant populations [24] and these 
mutations contribute to the generation of novel epitopes 
[25, 26].

The most relevant antigens expressed by melanoma 
cells include: i) differentiation antigens or tumor-
associated antigens (TAAs) expressed by both normal 
and malignant melanocytes; ii) cancer/testis antigens 
[27] that are typical of many tumor types and germ line 
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cells derived from normal adult testis; iii) tumor derived 
neo-antigens resulting from non-synonymous somatic 
mutations that are altered in their amino-acid coding 
sequence. The presence of TAAs in normal cells drive 
both central and peripheral tolerance for the selection of 
specific T-cells bearing a T-cell receptor (TCR) with low 
affinity for the antigen. This explains the tolerogenic effect 
to self-proteins observed in a few clinical trials using 
vaccines engineered with these antigens.

Therefore, the neo-antigens are considered 
ideal targets for immunotherapy and their detection 
could be a good biomarker to predict the efficiency of 
immune checkpoint inhibitors including both anti-PD-1 
(programmed death-1) and anti-CTLA4 monoclonal 
antibodies (MoAbs) [28, 29]. In this context, recent 
studies demonstrated that metastatic patients with disease 
at high mutational load undergo long-term clinical benefit 
after CTLA-4 inhibition in a fashion almost similar to the 
effect of PD-1 inhibition in patients with colorectal cancer 
bearing defective mismatch repair proteins [30]. However, 
the mechanisms by which CTLA-4 inhibition boosts 
tumor-specific T cell activity are unclear but the efficacy 
of CTLA-4 blockade is correlated with the emergence 
of new T-cells primed against neo-antigens [31]. This 
could at least explain the modest cytotoxicity exerted 
by pre-existing T-cells observed during ipilimumab 
therapy as well as the relationship between neo-antigens 
and improvement of progression free survival (PFS) in 
melanoma patients treated with the anti-CTLA4 MoAb.

Activation of the immune system in melanoma

A number of studies proved the relationship 
between defective immune system activity and melanoma 
cell proliferation, while others demonstrated that the 
variability of the antigenic repertoire is a critical factor 
for the immunosurveillance and melanoma progression 
[3, 32].

An efficient anti-melanoma immune response 
requires a fast and not-specific phase that activates the 
innate immunity before a specific adaptive stimulation 
of the immune system. Both phases induce apoptosis of 
melanoma cells through T-cell-mediated cytotoxicity 
and the efficiency of both T-cells and signals driven by 
TCR are thus central to counterbalance the melanoma 
cell growth although the quality of cross-priming, antigen 
presentation and immune cell recruitment within the 
tumor bed remain critical factors during the melanoma 
progression [33]. This has been proven either in murine 
melanoma models undergoing a rapid increase of tumor 
burden once depleted of CD8+ cells, or in patients whose 
treatment response is directly correlated to the density of 
TILs nearby the tumor cells [34-37].

The tumor immunity cycle is a process based on: 
a) a not-specific early phase driving the innate immunity 
that is mediated by macrophages, granulocytes, DCs and 

NK cells; b) late functional phase of effector CD4+ and 
CD8+ T-cells (Teffs) primed against melanoma cells through 
the endogenous production of interferon-gamma (IFN-γ), 
a direct cytotoxicity tumor resulting from MHC-TCR 
interaction or the antigen-dependent activity of T-cells 
during the adaptive immune response [38].

a) NK cells and DCs: NK cells participate to the 
anti-melanoma immunity. In particular, they recognize 
and attack melanoma cells expressing low MHC class-I 
molecules with higher efficiency then T-cells [39] and 
promote functional interactions between the natural 
cytotoxicity receptors as NKG2D, NKp30, NKp44, 
NKp46 and relative ligands expressed by malignant 
cells [40]. Moreover, NK cells may indirectly contribute 
to immune-surveillance by enhancing the secretion of 
cytokines within the tumor microenvironment or by 
inducing the maturation of DCs thus concurring to the 
adaptive immune response [41]. In this context, it has 
been demonstrated that injection of IL-15-stimulated 
NK cells from murine melanoma may inhibit the tumor 
burden independently from cytotoxic CD8+ cells [42]. It 
has been also described that NK cells release perforins 
and granzymes within the tumor milieu in the presence of 
antigenic peptides that stimulate DCs and the T-cell cross-
priming against the tumor cells [43, 44].

Mature DCs balance the efficiency of immune 
response and the ability of T-cells to orchestrate a 
cytotoxic effect. They physiologically circulate in 
peripheral blood and migrate to lymph nodes where 
they encounter naïve or memory T cells [45]. Mature 
DCs induce co-stimulation through CD40, CD80, 
CD86 and OX40L while they circulate in peripheral 
sites regulating innate and adaptive anti-melanoma 
immunity [46, 47]. The major mechanism required for 
DC maturation and efficient cross-priming include: 
i) the interplay of TCR with MHC molecules; ii) the 
binding of CD80/CD86 with CD28 expressed by 
T-cells; iii) the cytokine-mediated signals [48]; iv) the 
chemokine profile for migration from lymph nodes to 
distant tissues. To this regard, the melanoma milieu is 
enriched of immune suppressive cytokines as IL-6 and 
IL-10 as well as of miRNAs that propagate through 
the STAT-3 pathway [49] the survival of melanoma 
cells at expense of DCs [50, 51]. Lastly, it has been 
demonstrated that Th1 cytokines including IFN-γ and 
IL-12 directly activate both naïve and memory T-cells 
while providing the maintenance of anti-tumor CD8+ 
immunity and the modulation of T helper activity [52].

b) Teff cells: the efficiency of both CD4+ and 
CD8+ cells for the modulation of the adaptive immune 
response mostly depends on the specificity of the TCR 
signalling. Teffs play a pivotal role during the cell-mediated 
immunity through TCR-MHC interactions that is powered 
by IFN-γ and TNF-α. The primary role of adaptive 
immunity in melanoma is also addressed by the brisk 
T-cell infiltration that is considered a positive prognostic 
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issue [53]. Moreover, CD4+ Teff cells commonly do not 
capture melanoma antigens from cells lacking MHC class-
II molecules, although a number of studies proved that 
the majority of melanoma cells are restored in class-II 
expression by high levels of IFN-γ. The expansion of T 
lymphocytes activated against melanoma cells through 
the clonally distributed TCR, leads to the formation of 
elevated numbers of mRNA encoding the α and β chains 
of TCR. In particular, infiltrating T cells from murine 
melanoma models bear clonally expanded TCR transcripts 
whose activity is of great effort for the efficiency of the 
anti-melanoma immunity. In addition, several studies 
demonstrate that melanoma is characterized by a high 
number of clonally expanded T cells. However, the 
‘selectivity’ of TILs is the consequence of the balance 
between clonality and specificity [54].

The general findings are that antitumor response 
may involve a variety of clonal TCRs that, notwithstanding 
a similar structure, may recognize the same HLA/peptide 
complex. Therefore, the relation between specificity 
and clonality has been clearly demonstrated proving 
that the clonally expanded cells within the tumor 
microenvironment are tumor-specific.

Finally, the attack of T-cells against melanoma cells 
results in their apoptosis by the release of perforin and 
granzymes followed by new antigen diffusion within the 
tumor bed. These sequential events allow the immunity 
cycle to start again and self-sustaining [55].

In conclusion, the results of this T-cell recruitment 
and activity within the tumor microenvironment 
predominantly include the induction of apoptosis in 
melanoma cells followed by the release of new antigens 
which once again allow to restart and self-maintaining of 
the anti-tumor immune cycle [56].

Immune escape of melanoma

The escape of melanoma cells from the immune 
system control is regulated by the ‘immune editing’ that 
is mostly based on a complex machinery of intra- and 
extracellular signals. Immune editing is a dynamic process 
putatively involved in the colonization of distant tissues by 
melanoma cells and includes the ‘immune escape’ phase. 
It is driven by the chronic stimulation of the immune 
system and by strategies of malignant cells to counteract 
the immune-mediated antigenic recognition. Besides the 
progressive exhaustion of immune system to counterattack 
highly proliferating malignant cells, the escape also 
depends on the defective immune recognition as well 
as on the increased resistance to apoptosis of melanoma 
cells, or the development of an immunosuppressive 
microenvironment [57, 58].

The defective immune recognition is the first event 
useful to the melanoma cells for the immune escape and 
is due to inefficient antigen processing machinery [59] 
that progressively inhibits the ability of CD8+ T-cells to 

recognize the processed target antigens of the tumor cells 
[60]. Moreover, the effectiveness of T-cell cytotoxicity 
requires appropriate antigen presentation by mature DCs 
whose activity, co-stimulation and antigen presentation, 
critically induce a functional immunity. In this context, 
the maturation and priming of DCs is influenced by 
stimuli of the microenvironment where they suffer of an 
immature/tolerogenic phenotype induced by VEGF, IL-8 
and IL-10 produced by melanoma cells. Moreover, the 
DC impairment [61] is also associated with reduced co-
stimulation activity as result of the defective of CD80 and 
CD86 expression [62, 63].

Besides an intrinsic defect of DCs in their ability 
to arm the immune system against melanoma cells 
and the negative influence exerted by soluble factors 
produced by malignant cells, other populations including 
MDSCs [64, 65] and Tregs participate to the imbalance 
between immune suppression and tolerance. Recruitment 
and stimulation of MDSCs occur for the increased 
bioavailability of soluble factors as nitric oxide (NO), 
reactive oxygen species (ROS), TGF-ß and arginase 
(ARG)-1 that are released by these cells and promote the 
inhibition of anti-tumor activity of T-cells and NK cells 
[40, 66]. In addition, Tregs are deregulated in melanoma 
and inhibit the immune system through TGF-ß, IL-10 
and IDO over-production which dampens the activity of 
CD4+ and CD8+ lymphocytes, and NK cells. Among these 
cytokines, IDO inhibits the effector T-cells by depleting 
tryptophan, while promotes the differentiation and 
activation of Foxp3+ Tregs by kynurenine production [67].

Another functional mechanism potentially affecting 
the anti-melanoma T-cell activity includes the defective 
expression of immune checkpoint receptors as well as 
their intrinsic binding capability by relative ligands [68]. 
The T-cells are functionally exhausted in relation to a 
decrease of cytokine production, as well as the ability to 
exert cytotoxicity [69]. Moreover, exhausted T-cells express 
inhibitory surface receptors as CTLA-4, PD-1, BTLA4, 
CD160, LAG-3, Tim-3 and VISTA [70-75] among these, 
CTLA-4 and PD-1 down-regulate the immune activity and 
are actually targeted to restore the anti-tumor immunity 
(Figure 1). A further inhibitory role exerted by these 
receptors include the reduction in the production of IL-2, 
IFN-γ and TNF-α as well as the transcription of intracellular 
signals leading to abnormal cyclin activity followed by the 
cell cycle arrest [76] (Table 1).

The effect of “targeted therapies” on the immune 
system in melanoma

The RAS/RAF/MEK/ERK cascade is the major 
deregulated pathway in malignant melanocytes. Mutations 
of BRAF are critical drivers of the melanoma proliferation 
in approximately 50-60% of cutaneous melanomas [77] 
whereas those of NRAS recur in 10-20% of patients [78] 
and are a negative prognostic factor. Treatment with 
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Figure 1: CTLA4 and PD1 regulate different stages of T-cell response. (A) T cell activation requires two complementary 
signals. The interaction between TCR and peptide-MHC complex must be associated by a second co-stimulatory signal mediated by CD28. 
Conversely the binding of CTLA4 to B7-1/2 (CD80/86) provides a control signal that suppresses ongoing T-cell activation. (B) PD1 is 
upregulated on T cells after persistent antigen exposure. When PD1 binds its ligand as PDL1 and PDL2 expressed by tumor cells, the T cell 
receives on inhibitory signal. Antibodies direct to CTLA4 or PD1/PDL1 can activate T cells by preventing their functional disablement. 
Abbreviations: DC, dendritic cell; CTLA4, cytotoxic T lymphocyte antigen 4; PD1, programmed death 1; TCR, T-cell receptor; MHC, major 
histocompatibility complex; PD-L1, programmed death ligand 1; PD-L2, programmed death-ligand 2.

Table 1: Major mechanisms of immune escape in melanoma

Mechanism Population(s)/Pathway(s) Effect(s) on TME

Defective recognition of melanoma cells Downregulation, mutation or loss of 
MHC class I
Melanoma antigens
Defective antigen presentation

Suboptimal activation of melanoma 
infiltrating lymphocytes

Negative feedback (up-regulation of the 
immune checkpoints)

CTLA4
PD1
LAG3
TIM3
VISTA

Inhibition of T cell function

Up-regulation of immune checkpoint ligands PD-L1
PD-L2

Inhibition of T cell function

Up-regulation of immune suppressive 
populations

MDSCs
Tregs

Inhibition of T cell function
Direct pro-tumorigenic effect (VEGF, TGF-
beta)

Release of pro-apoptotic molecules by 
melanoma cells

FasL
TRAIL

T cells death by apoptosis

Release of pro-tumorigenic and
pro-angiogenic factors by TME

TGF-beta
VEGF
iNOS
IDO
IL-10
IL-6

Inhibition of T cell function
Tumour angiogenesis and stroma 
remodeling

TME: tumor microenvironment; MHC: major histocompatibility complex; CTLA4: cytotoxic T-lymphocyte antigen 4; PD1: programmed 
death 1; LAG3: lymphocyte activation gene-3; TIM3: T cell immunoglobulin and mucin domain 3; VISTA: V-domain immunoglobulin 
suppressor of T-cell activation; PD-L1: programmed death ligand 1; PD-L2: programmed death ligand 2; MDSCs: myeloid-derived 
suppressor cells; Tregs: regulatory T cells; FasL: fas ligand; TRAIL: TNF-related apoptosis-inducing ligand; TGF: tumor necrosis factor; 
VEGF: vascular endothelial growth factor; iNOS: inducible nitric oxide synthase; IDO: indoleamine 2,3 dioxygenase; IL: interleukin.
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BRAF/MEK inhibitors [79-82] is actually a cornerstone in 
melanoma although in some of them the duration response 
is limited and the best responders show peculiar clinical 
features [83].

Besides a specific anti-melanoma effect, however, 
targeted agents may potentially restore the immune system 
activity and early studies proved that inhibition of BRAF 
cascade raises the number of CD8+ T-cells nearby tumor 
cells and increases the exposition of TAAs synthesized 
by melanoma cells. Moreover, after exposure to BRAF 
inhibitors, a relationship between the number of infiltrating 
CD8+ cells and tumor burden following BRAF blockade 
has been described and the increased intratumoral CD8+ 
lymphocytes infiltration is apparently correlated with 
the reduction of the tumor size and enlarged necrosis 
in biopsies [84]. Furthermore, a reduced secretion of 
IL-10 and IL-6, and of VEGF by melanoma cells has 
been reported within the tumor milieu. A mechanism 
of resistance to targeted agents may include the high 
expression of TIM-3, PD-1 and PD-L1 by infiltrating 

T-cells in parallel with the increased production of IFN-γ 
in the tumor microenvironment [85]. On the contrary, the 
immune stimulation occurs during anti-BRAF treatment 
in consequence of the increased release of melanoma 
antigens [86] that are highly captured by T-cells regulated 
by mature DCs. Oncogenic BRAF contributes itself to the 
immune escape while inhibition of the MAPK pathway 
drives the expression of melanocyte differentiation 
antigens (MDA) by interfering with the transcriptional 
repression of micropthalmia-associated transcription factor 
(MITF) signature. It has been also demonstrated [87] a 
relationship between efficiency of MDA recognition by 
T-cells and benefit from immunotherapy and, contrariwise 
to previous studies suggesting a detrimental effect of 
MEK inhibitors, recent studies suggest that the immune 
response is preserved and potentiated by combinatory anti-
BRAF agents [88]. Other potential mechanisms by which 
targeting BRAF might restore the immune system include 
the impairment of Tregs and MDSC activity [89] and the 
down-modulation of the C-C chemokine ligand (CCL)-2 

Figure 2: Targeted therapy affects the tumor microenvironment in favour of immune re-activation. Left: Melanoma 
progression includes many pathogenetic and molecular events which contribute to the ineffective anti-tumor immunity. Melanoma 
microenvironment is enriched of immune-suppressive cytokines (e.g., IL-10, IL-6; TGF-β and VEGF) that drive the infiltration of 
immunosuppressive cells (e.g. Treg and MDSC), while impair the antigen processing machinery by DCs and the anti-tumor effect by 
T-cells and NK cells. Right: BRAF/MEK inhibitors exert direct anti-melanoma activity and restore the tumor immunogenicity within 
the microenvironment. Particularly, the targeted therapy induces the production of melanoma specific neo-antigens and hampers the 
immunosuppressive signals, thus restoring antigen presentation by DCs and T-cell mediated cytotoxicity. As a consequence, T-cells and 
NK cells increase nearby tumor, while Tregs and MDSC are strongly impaired. In addition, BRAF inhibitors may also condition tumor 
microenvironment in support of immunotherapy by inducing the expression of effector cell exhaustion molecules (e.g. PD-1 and TIM-3) 
on immune cells or PD-L1 on tumor cells.
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that is primarily involved in melanoma cell recruitment 
within the tumor milieu [90].

The innate component of the immune system is also 
affected by targeted therapy and particularly the BRAF 
inhibitor PLX4720 increases the phosphorylation of 
ERK1/2, the CD69 levels, the IFN-γ secretion as well as 
either the proliferation or the cytotoxic activity in vitro and 
in vivo of NK cells [91, 92]. The dendritic cell function 
is also restrained by up-regulation of MAPK pathway in 
BRAFV600E melanoma cell lines in terms of maturation, 
antigen capture, cross-priming and production of IL-12 
and TNF-α [90, 93, 94]. By contrast, blockade of MAPK 
inhibits the negative effect of melanoma cells on the 
CD80, CD83 and CD86 expression thus restoring the DC 
co-stimulation (Figure 2).

These observations provide pre-clinical evidence 
supporting the use of combination MAPK inhibitors and 
immunotherapy in BRAFV600 mutated melanoma although 
the first clinical trial combining anti-CTLA4 and BRAF 
inhibitor resulted in highly severe hepatotoxicity [95]. 
Currently, studies investigating the safety and benefit 
of combinatory strategies in metastatic melanoma are 
in progress and include BRAF and MEK inhibitors, 
checkpoint blockers targeting CTLA4, PD-1 and PD-L1, 
NK-based immunotherapy and DCs vaccination.

CONCLUSION

The concept that the immune system plays a critical 
role in controlling the tumor progression of melanoma is 
well established. Studies of the tumor microenvironment 
and the “immune contexture” [96, 97], understood as the 
presence of different immune variables associating the 
nature, density, functional orientation and distribution of 
immune cell populations, have provided knowledge on 
mechanism of the immunosurveillance and the immune 
escape. The understanding of these mechanisms has been 
crucial for the improvement of the treatment and for the 
establishment of new available immunotherapy strategies. 
Indeed, in the last few years, the immunotherapy showed 
the ability to obtain clinical and relevant benefit associated 
with durable responses. Besides the treatment of selected 
immunogenic tumors, the immunotherapy is currently 
considered an alternative strategy in other metastatic 
cancers, including urothelial, kidney, colorectal, head 
and neck as well as non-small cell lung cancers showing 
objective responses [30, 98-100]. However, many 
questions are still unanswered to obtain the optimization 
of immunotherapy.

The next objective in the treatment of this cancer 
includes the full recruitment of the immune system activity 
by targeting co-inhibitory and co-stimulatory molecules 
in sequence or in combination with the targeted therapies 
such as the BRAF/MEK inhibitors, the approaches 
to improve the function of innate immune response, 
the cytokines, the IDO inhibition, the adoptive cell 

transfer and T-cell engineering, the therapeutic vaccines 
in combination with ongoing therapeutic approaches 
(NCT02178722; NCT02327078; NCT01656642; 
NCT02130466; NCT02263508).

The research of soluble and local immunologic 
biomarkers or the corresponding molecular profile of 
melanoma could also provide the valuable prognostic and 
predictive knowledge for the best therapeutic decision 
and identify novel targets for immunotherapy. However, 
melanoma remains a “model cancer” to increase our 
understanding of the immune-oncology to be also 
extended to other tumor types.

CONFLICTS OF INTEREST

The authors report no conflicts of interest.

FUNDING

This work was supported by a grant (IG GRANT 
17536) from the Italian Association for Cancer Research 
(AIRC), from the Apulia Region (Oncogenomic Project”) 
and “Jonico-Salentino” Project.

REFERENCES

1.	 Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers 
C, Rebelo M, Parkin DM, Forman D, Bray F. Cancer 
incidence and mortality worldwide: sources, methods 
and major patterns in GLOBOCAN 2012. Int J Cancer. 
2014;136:e359–86.

2.	 Curtin JA, Fridlyand J, Kageshita T, Patel HN, Busam 
KJ, Kutzner H, Cho KH, Aiba S, Bröcker EB, LeBoit PE, 
Pinkel D, Bastian BC. Distinct sets of genetic alterations in 
melanoma. NEJM. 2005; 353:2135–47.

3.	 Palmieri G, Ombra MN, Colombino M, Casula M, Sini MC, 
Manca A, Paliogiannis P, Ascierto PA, Cossu A. Multiple 
Molecular Pathways in Melanomagenesis: Characterization 
of Therapeutic Targets. Front Oncol. 2015; 5:183.

4.	 Dunn GP, Bruce AT, Ikeda H, Old LJ, Schreiber RD. Cancer 
immunoediting: from immunosurveillance to tumor escape. 
Nature Immun. 2002; 3:991–8.

5.	 Bhatia A, Kumar Y. Cancer-immune equilibrium: questions 
unanswered. Cancer Microenviron. 2011; 4:209–217.

6.	 Shankaran V, Ikeda H, Bruce AT, White JM, Swanson 
PE, Old LJ, Schreiber RD. IFNgamma and lymphocytes 
prevent primary tumour development and shape tumour 
immunogenicity. Nature. 2001; 410:1107–11.

7.	 Girardi M, Oppenheim DE, Steele CR, Lewis JM, Glusac 
E, Filler R, Hobby P, Sutton B, Tigelaar RE, Hayday AC. 
Regulation of cutaneous malignancy by gammadelta T cells. 
Science. 2001; 294:605–9.

8.	 Jacobs FM, Nierkens S, Figdor CG, de Vries IJM, 
Adema GJ. Regulatory T cells in melanoma: the final 



Oncotarget106139www.impactjournals.com/oncotarget

hurdle towards effective immunotherapy? Lancet Oncol. 
2012;13:e32-42.

9.	 Pardoll DM. The blockade of immune checkpoints in cancer 
immunotherapy. Nature Rev Cancer. 2012;12:252.

10.	 Polak ME, Borthwick NJ, Gabriel FG, Johnson P, Higgins 
B, Hurren J, McCormick D, Jager MJ, Cree IA. Mechanisms 
of local immunosuppression in cutaneous melanoma. Br J 
Cancer. 2007; 96:1879–87.

11.	 Munn DH, Mellor AL. IDO in the Tumor 
Microenvironment: Inflammation, Counter-Regulation, and 
Tolerance. Trends Immunol. 2016; 37:193–207.

12.	 Brochez L, Chevolet I, Kruse V. The rationale of 
indoleamine 2,3-dioxygenase inhibition for cancer therapy. 
Eur J Cancer. 2017; 76:167–82.

13.	 Larkin J, Hodi FS, Wolchok JD. Combined Nivolumab 
and Ipilimumab or Monotherapy in Untreated Melanoma. 
NEJM. 2015; 373:1270-1.

14.	 Weber JS, D'Angelo SP, Minor D, Hodi FS, Gutzmer R, 
Neyns B, Hoeller C, Khushalani NI, Miller WH, Lao CD, 
Linette GP, Thomas L, Lorigan P, et al. Nivolumab versus 
chemotherapy in patients with advanced melanoma who 
progressed after anti-CTLA-4 treatment (CheckMate 037): 
a randomised, controlled, open-label, phase 3 trial. Lancet 
Oncol. 2015; 16:375–84.

15.	 Hodi FS, O'Day SJ, McDermott DF, Weber RW, Sosman 
JA, Haanen JB, Gonzalez R, Robert C, Schadendorf D, 
Hassel JC, Akerley W, van den Eertwegh AJ, Lutzky J, 
et al. Improved survival with ipilimumab in patients with 
metastatic melanoma. NEJM. 2010; 363:711–23.

16.	 Robert C, Schachter J, Long GV, Arance A, Grob JJ, 
Mortier L, Daud A, Carlino MS, McNeil C, Lotem M, 
Larkin J, Lorigan P, Neyns B, et al. Pembrolizumab 
versus Ipilimumab in Advanced Melanoma. NEJM. 2015; 
372:2521–32.

17.	 Schadendorf D, Hodi FS, Robert C, Weber JS, Margolin 
K, Hamid O, Patt D, Chen TT, Berman DM, Wolchok JD. 
Pooled Analysis of Long-Term Survival Data From Phase 
II and Phase III Trials of Ipilimumab in Unresectable or 
Metastatic Melanoma. JCO. 2015; 33:1889–94.

18.	 Robert C, Long GV, Brady B, Dutriaux C, Maio M, Mortier 
L, Hassel JC, Rutkowski P, McNeil C, Kalinka-Warzocha 
E, Savage KJ, Hernberg MM, Lebbé C, et al. Nivolumab 
in previously untreated melanoma without BRAF mutation. 
NEJM. 2014; 372:320–30.

19.	 Schumacher TN, Schreiber RD. Neoantigens in cancer 
immunotherapy. Science. 2015; 348:69–74.

20.	 Fridman WH, Galon J, Pagès F, Tartour E, Sautès-Fridman 
C, Kroemer G. Prognostic and predictive impact of intra- and 
peritumoral immune infiltrates. Cancer Res. 2011; 71:5601–5.

21.	 Langman RE, Cohn M. Self-nonself discrimination 
revisited. Semin Immun. 2000; 12:159–62.

22.	 Blankenstein T, Coulie PG, Gilboa E, Jaffee EM. The 
determinants of tumour immunogenicity. Nature Rev 
Cancer. 2012; 12:307–13.

23.	 Greenman C, Stephens P, Smith R, Dalgliesh GL, Hunter C, 
Bignell G, Davies H, Teague J, Butler A, Stevens C, Edkins 
S, O'Meara S, Vastrik I, et al. Patterns of somatic mutation 
in human cancer genomes. Nature. 2007; 446:153-8.

24.	 Alexandrov LB, Nik-Zainal S, Wedge DC, Aparicio 
SAJR, Behjati S, Biankin AV, Bignell GR, Bolli N, Borg 
A, Børresen-Dale AL, Boyault S, Burkhardt B, Butler AP, 
et al. Signatures of mutational processes in human cancer. 
Nature. 2013; 500:415–21.

25.	 Segal NH, Parsons DW, Peggs KS, Velculescu V, Kinzler 
KW, Vogelstein B, Allison JP. Epitope landscape in breast 
and colorectal cancer. Cancer Res. 2008; 68:889–92.

26.	 Tran E, Turcotte S, Gros A, Robbins PF, Lu YC, Dudley 
ME, Wunderlich JR, Somerville RP, Hogan K, Hinrichs 
CS, Parkhurst MR, Yang JC, Rosenberg SA. Cancer 
immunotherapy based on mutation-specific CD4+ T 
cells in a patient with epithelial cancer. Science. 2014; 
344:641–5.

27.	 Scanlan MJ, Gure AO, Jungbluth AA, Old LJ, Chen YT. 
Cancer/testis antigens: an expanding family of targets for 
cancer immunotherapy. Immunol Rev. 2002; 188:22–32.

28.	 Champiat S, Ferté C, Lebel-Binay S, Eggermont A, Soria 
JC. Exomics and immunogenics: Bridging mutational load 
and immune checkpoints efficacy. Oncoimmunology. 2014; 
3:e27817.

29.	 Snyder A, Makarov V, Merghoub T, Yuan J, Zaretsky JM, 
Desrichard A, Walsh LA, Postow MA, Wong P, Ho TS, 
Hollmann TJ, Bruggeman C, Kannan K, et al. Genetic basis 
for clinical response to CTLA-4 blockade in melanoma. 
NEJM. 2014; 371:2189–99.

30.	 Diaz LA, Le DT. PD-1 Blockade in Tumors with Mismatch-
Repair Deficiency. NEJM. 2015; 373:1979.

31.	 Kvistborg P, Philips D, Kelderman S, Hageman L, 
Ottensmeier C, Joseph-Pietras D, Welters MJP, van der 
Burg S, Kapiteijn E, Michielin O, Romano E, Linnemann 
C, Speiser D, et al. Anti-CTLA-4 therapy broadens the 
melanoma-reactive CD8+ T cell response. Sci Transl Med. 
2014; 6:254ra128.

32.	 Dunn GP, Old LJ, Schreiber RD. The immunobiology of 
cancer immunosurveillance and immunoediting. Immunity. 
2004; 21:137–48.

33.	 Sadelain M. The Journey from Discoveries in Fundamental 
Immunology to Cancer Immunotherapy. Cancer Cell. 2015; 
27:439-49.

34.	 Farley TF, Mandava N, Prall FR, Carsky C. Accuracy of 
primary care clinicians in screening for diabetic retinopathy 
using single-image retinal photography. Ann Fam Med. 
2008; 6:428–34.

35.	 Mahmoud SMA, Paish EC, Powe DG, Macmillan RD, 
Grainge MJ, Lee AHS, Ellis IO, Green AR. Tumor-
infiltrating CD8+ lymphocytes predict clinical outcome in 
breast cancer. J Clin Oncol. 2011; 29:1949–55.

36.	 Muul LM, Spiess PJ, Director EP, Rosenberg SA. 
Identification of specific cytolytic immune responses 



Oncotarget106140www.impactjournals.com/oncotarget

against autologous tumor in humans bearing malignant 
melanoma. J Immunol. 1987; 138:989–95.

37.	 Bachmayr-Heyda A, Aust S, Heinze G, Polterauer S, Grimm 
C, Braicu EI, Sehouli J, Lambrechts S, Vergote I, Mahner S,  
Pils D, Schuster E, Thalhammer T, et al. Prognostic impact 
of tumor infiltrating CD8+ T cells in association with 
cell proliferation in ovarian cancer patients-a study of the 
OVCAD consortium. BMC Cancer. 2013; 13:422.

38.	 Ivashkiv LB, Donlin LT. Regulation of type I interferon 
responses. Nature Rev Immun. 2014; 14:36-49.

39.	 Garrido F, Algarra I, García-Lora AM. The escape of cancer 
from T lymphocytes: immunoselection of MHC class I loss 
variants harboring structural-irreversible “hard” lesions. 
Cancer Immunol Immunother. 2010; 59:1601–6.

40.	 Lakshmikanth T, Burke S, Ali TH, Kimpfler S, Ursini F, 
Ruggeri L, Capanni M, Umansky V, Paschen A, Sucker A, 
Pende D, Groh V, Biassoni R, et al. NCRs and DNAM-1 
mediate NK cell recognition and lysis of human and mouse 
melanoma cell lines in vitro and in vivo. J Clin Invest. 2009; 
119:1251–63.

41.	 Wehner R, Dietze K, Bachmann M, Schmitz M. The 
bidirectional crosstalk between human dendritic cells and 
natural killer cells. J Innate Immun. 2011; 3:258–63. 

42.	 Liu RB, Engels B, Arina A, Schreiber K, Hyjek E, 
Schietinger A, Binder DC, Butz E, Krausz T, Rowley DA, 
Jabri B, Schreiber H. Densely granulated murine NK cells 
eradicate large solid tumors. Cancer Res. 2012; 72:1964–74.

43.	 Marcus A, Gowen BG, Thompson TW, Iannello A, Ardolino 
M, Deng W, Wang L, Shifrin N, Raulet DH. Recognition of 
tumors by the innate immune system and natural killer cells. 
Advances Immunol. 2014; 122:91–128.

44.	 Banchereau J, Briere F, Caux C, Davoust J, Lebecque S, Liu 
YJ, Pulendran B, Palucka K. Immunobiology of dendritic 
cells. Ann Rev Immunol. 2000; 18:767–811.

45.	 Liu K, Nussenzweig MC. Origin and development of 
dendritic cells. Immunol Rev. 2010; 234:45–54.

46.	 Tucci M, Stucci S, Passarelli A, Giudice G, Dammacco F, 
Silvestris F. The immune escape in melanoma: role of the 
impaired dendritic cell function. Expert Rew Clin Immun. 
2014; 10:1395-404. 

47.	 Schwartz RH. Costimulation of T lymphocytes: the role of 
CD28, CTLA-4, and B7/BB1 in interleukin-2 production 
and immunotherapy. Cell. 1992; 71:1065–8.

48.	 Curtsinger JM, Schmidt CS, Mondino A, Lins DC, Kedl 
RM, Jenkins MK, Mescher MF. Inflammatory cytokines 
provide a third signal for activation of naive CD4+ and 
CD8+ T cells. J Immunol. 1999; 162:3256–62.

49.	 Niu G, Bowman T, Huang M, Shivers S, Reintgen D, Daud 
A, Chang A, Kraker A, Jove R, Yu H. Roles of activated 
Src and Stat3 signaling in melanoma tumor cell growth. 
Oncogene. 2002; 21:7001–10.

50.	 Covre A, Coral S, Di Giacomo AM, Azab M, Maio M. 
Epigenetics Meets Immune Checkpoints. Semin Oncol. 
2015; 42:506-13.

51.	 Mannavola F, Tucci M, Felici C, Stucci S, Silvestris F. 
miRNAs in melanoma: a defined role in tumor progression 
and metastasis. Expert Rev Clin Immunol. 2015; 12:79–89.

52.	 Raué HP, Beadling C, Haun J, Slifka MK. Cytokine-
mediated programmed proliferation of virus-specific 
CD8(+) memory T cells. Immunity. 2012; 38:131–9.

53.	 Clark WH. Tumour progression and the nature of cancer. Br 
J Cancer. 1991; 64:631–44.

54.	 Straten PT, Guldberg P, Grønbaek K, Hansen MR, 
Kirkin AF, Seremet T, Zeuthen J, Becker JC. In situ T 
cell responses against melanoma comprise high numbers 
of locally expanded T cell clonotypes. J Immunol. 1999; 
163:443–7.

55.	 Schurich A, Pallett LJ, Lubowiecki M, Singh HD, Gill US, 
Kennedy PT, Nastouli E, Tanwar S, Rosenberg W, Maini 
MK. The third signal cytokine IL-12 rescues the anti-viral 
function of exhausted HBV-specific CD8 T cells. PLoS 
Pathog. 2013; 9:e1003208.

56.	 Kazandjian D, Khozin S, Blumenthal G, Zhang L, Tang 
S, Libeg M, Kluetz P, Sridhara R, Keegan P, Pazdur R, 
American Medical Association. Benefit-Risk Summary of 
Nivolumab for Patients With Metastatic Squamous Cell 
Lung Cancer After Platinum-Based Chemotherapy. JAMA 
Oncol. 2016; 2:118.

57.	 Seliger B, Ritz U, Abele R, Bock M, Tampé R, Sutter 
G, Drexler I, Huber C, Ferrone S. Immune escape of 
melanoma: first evidence of structural alterations in two 
distinct components of the MHC class I antigen processing 
pathway. Cancer Res. 2001; 61:8647–50.

58.	 Gajewski TF, Schreiber H, Fu YX. Innate and adaptive 
immune cells in the tumor microenvironment. Nature 
Immunol. 2013; 14:1014–22.

59.	 Cormier JN, Hijazi YM, Abati A, Fetsch P, Bettinotti 
M, Steinberg SM, Rosenberg SA, Marincola FM. 
Heterogeneous expression of melanoma-associated antigens 
and HLA-A2 in metastatic melanoma in vivo. Int J Cancer. 
1998; 75:517–24.

60.	 Maeurer MJ, Gollin SM, Martin D, Swaney W, Bryant J, 
Castelli C, Robbins P, Parmiani G, Storkus WJ, Lotze MT. 
Tumor escape from immune recognition: lethal recurrent 
melanoma in a patient associated with downregulation of 
the peptide transporter protein TAP-1 and loss of expression 
of the immunodominant MART-1/Melan-A antigen. J Clin 
Invest. 1996; 98:1633–41.

61.	 Hussein MR. Dendritic cells and melanoma tumorigenesis: 
an insight. Cancer Biol Ther. 2005; 4:501–5.

62.	 Failli A, Legitimo A, Orsini G, Romanini A, Consolini 
R. Numerical defect of circulating dendritic cell subsets 
and defective dendritic cell generation from monocytes 



Oncotarget106141www.impactjournals.com/oncotarget

of patients with advanced melanoma. Cancer Lett. 2013; 
337:184-92.

63.	 Banchereau J, Steinman RM. Dendritic cells and the control 
of immunity. Nature. 1998; 392:245–52.

64.	 Jordan KR, Amaria RN, Ramirez O, Callihan EB, Gao 
D, Borakove M, Manthey E, Borges VF, McCarter MD. 
Myeloid-derived suppressor cells are associated with 
disease progression and decreased overall survival in 
advanced-stage melanoma patients. Cancer Immunol 
Immunother. 2013; 62:1711–22.

65.	 Talmadge JE, Gabrilovich DI. History of myeloid-derived 
suppressor cells. Nature Rev Cancer. 2013; 13:739–52.

66.	 Pietra G, Vitale M, Moretta L, Mingari MC. How melanoma 
cells inactivate NK cells. Oncoimmunology. 2012; 1:974–5. 

67.	 Munn DH, Mellor AL. Indoleamine 2,3-dioxygenase and 
tumor-induced tolerance. J Clin Invest. 2007; 117:1147–54.

68.	 Walunas TL, Lenschow DJ, Bakker CY, Linsley PS, 
Freeman GJ, Green JM, Thompson CB, Bluestone JA. 
CTLA-4 can function as a negative regulator of T cell 
activation. Immunity. 1994; 1:405–13.

69.	 Crespo J, Sun H, Welling TH, Tian Z, Zou W. T cell 
anergy, exhaustion, senescence, and stemness in the tumor 
microenvironment. Curr Opin Immunol. 2013; 25:214–21.

70.	 Derré L, Rivals JP, Jandus C, Pastor S, Rimoldi D, Romero 
P, Michielin O, Olive D, Speiser DE. BTLA mediates 
inhibition of human tumor-specific CD8+ T cells that can 
be partially reversed by vaccination. J Clin Invest. 2009; 
120:157–67.

71.	 Das M, Zhu C, Kuchroo VK. Tim-3 and its role in regulating 
anti-tumor immunity. Immunol Rev. 2017; 276:97–111.

72.	 Lines JL, Pantazi E, Mak J, Sempere LF, Wang L, O'Connell 
S, Ceeraz S, Suriawinata AA, Yan S, Ernstoff MS, Noelle 
R. VISTA is an immune checkpoint molecule for human T 
cells. Cancer Res. 2014; 74:1924–32.

73.	 Merelli B, Massi D, Cattaneo L, Mandalà M. Targeting the 
PD1/PD-L1 axis in melanoma: biological rationale, clinical 
challenges and opportunities. Crit Rev Oncol Hematol. 
2013; 89:140–65.

74.	 Lines JL, Sempere LF, Broughton T, Wang L, Noelle R. 
VISTA is a novel broad-spectrum negative checkpoint 
regulator for cancer immunotherapy. Cancer Immunol Res. 
2014; 2:510–7.

75.	 Woo SR, Turnis ME, Goldberg MV, Bankoti J, Selby M, 
Nirschl CJ, Bettini ML, Gravano DM, Vogel P, Liu CL, 
Tangsombatvisit S, Grosso JF, Netto G, et al. Immune 
inhibitory molecules LAG-3 and PD-1 synergistically 
regulate T-cell function to promote tumoral immune escape. 
Cancer Res. 2011; 72:917–27. 

76.	 Chen DS, Mellman I. Oncology Meets Immunology: The 
Cancer-Immunity Cycle. Immunity. 2013; 39:1-10.

77.	 Millington GWM. Mutations of the BRAF gene in human 
cancer, by Davies, et al. (Nature 2002; 417: 949-54). Clin 
Experiment Dermatol. 2013; 38:222–3.

78.	 Jakob JA, Bassett RL, Ng CS, Curry JL, Joseph RW, 
Alvarado GC, Rohlfs ML, Richard J, Gershenwald JE, Kim 
KB, Lazar AJ, Hwu P, Davies MA. NRAS mutation status 
is an independent prognostic factor in metastatic melanoma. 
Cancer. 2011; 118:4014–23.

79.	 Chapman PB, Hauschild A, Robert C, Haanen JB, Ascierto 
P, Larkin J, Dummer R, Garbe C, Testori A, Maio M, 
Hogg D, Lorigan P, Lebbe C, et al. Improved survival with 
vemurafenib in melanoma with BRAF V600E mutation. 
NEJM. 2011; 364:2507–16.

80.	 Hauschild A, Grob JJ, Demidov LV, Jouary T, Gutzmer 
R, Millward M, Rutkowski P, Blank CU, Miller WH, 
Kaempgen E, Martìn-Algarra S, Karaszewska B, Mauch C, 
et al. Dabrafenib in BRAF-mutated metastatic melanoma: a 
multicentre, open-label, phase 3 randomised controlled trial. 
Lancet Oncol. 2012; 380:358–65. 

81.	 Larkin J, Ascierto PA, Dreno B, Atkinson V, Liszkay 
G, Maio M, Mandalà M, Demidov L, Stroyakovskiy D, 
Thomas L, de la Cruz-Merino L, Dutriaux C, Garbe C, et al. 
Combined vemurafenib and cobimetinib in BRAF-mutated 
melanoma. NEJM. 2014; 371:1867–76.

82.	 Robert C, Karaszewska B, Schachter J, Rutkowski P, 
Mackiewicz A, Stroiakovski D, Lichinitser M, Dummer 
R, Grange F, Mortier L, Chiarion-Sileni V, Drucis K, 
Krajsova I, et al. Improved overall survival in melanoma 
with combined dabrafenib and trametinib. NEJM. 2014; 
372:30–9.

83.	 Long GV, Grob JJ, Nathan P, Ribas A, Robert C, 
Schadendorf D, Lane SR, Mak C, Legenne P, Flaherty 
KT, Davies MA. Factors predictive of response, disease 
progression, and overall survival after dabrafenib and 
trametinib combination treatment: a pooled analysis of 
individual patient data from randomised trials. Lancet 
Oncol. 2016; 17:1743-54.

84.	 Wilmott JS, Long GV, Howle JR, Haydu LE, Sharma 
RN, Thompson JF, Kefford RF, Hersey P, Scolyer RA. 
Selective BRAF inhibitors induce marked T-cell infiltration 
into human metastatic melanoma. Clin Cancer Res. 2011; 
18:1386–94.

85.	 Frederick DT, Piris A, Cogdill AP, Cooper ZA, Lezcano 
C, Ferrone CR, Mitra D, Boni A, Newton LP, Liu C, Peng 
W, Sullivan RJ, Lawrence DP, et al. BRAF inhibition is 
associated with enhanced melanoma antigen expression and 
a more favorable tumor microenvironment in patients with 
metastatic melanoma. Clin Cancer Res. 2013; 19:1225–31.

86.	 Kono M, Dunn IS, Durda PJ, Butera D, Rose LB, Haggerty 
TJ, Benson EM, Kurnick JT. Role of the mitogen-activated 
protein kinase signaling pathway in the regulation of human 
melanocytic antigen expression. Molecul Cancer Res. 2006; 
4:779–92.

87.	 Romero P, Valmori D, Pittet MJ, Zippelius A, Rimoldi D, 
Lévy F, Dutoit V, Ayyoub M, Rubio-Godoy V, Michielin 
O, Guillaume P, Batard P, Luescher IF, et al. Antigenicity 
and immunogenicity of Melan-A/MART-1 derived peptides 



Oncotarget106142www.impactjournals.com/oncotarget

as targets for tumor reactive CTL in human melanoma. 
Immunol Rev. 2002; 188:81–96.

88.	 Kim T, Amaria RN, Spencer C, Reuben A, Cooper ZA, 
Wargo JA. Combining targeted therapy and immune 
checkpoint inhibitors in the treatment of metastatic 
melanoma. Cancer Biol Med. 2015; 11:237–46.

89.	 Schilling B, Sucker A, Griewank K, Zhao F, Weide 
B, Görgens A, Giebel B, Schadendorf D, Paschen A. 
Vemurafenib reverses immunosuppression by myeloid 
derived suppressor cells. Int J Cancer. 2013; 133:1653–63.

90.	 Steinberg SM, Turk MJ. BRAF-inhibition and tumor 
immune suppression. Oncoimmunology. 2015; 4:e988039.

91.	 Knight DA, Ngiow SF, Li M, Parmenter T, Mok S, Cass A, 
Haynes NM, Kinross K, Yagita H, Koya RC, Graeber TG, 
Ribas A, McArthur GA, et al. Host immunity contributes 
to the anti-melanoma activity of BRAF inhibitors. J Clin 
Invest. 2015; 126:402–3.

92.	 de Andrade LF, Ngiow SF, Stannard K, Rusakiewicz S, 
Kalimutho M, Khanna KK, Tey SK, Takeda K, Zitvogel 
L, Martinet L, Smyth MJ. Natural killer cells are essential 
for the ability of BRAF inhibitors to control BRAFV600E-
mutant metastatic melanoma. Cancer Res. 2014; 
74:7298–308.

93.	 Ott PA, Henry T, Baranda SJ, Frleta D, Manches O, 
Bogunovic D, Bhardwaj N. Inhibition of both BRAF 
and MEK in BRAF(V600E) mutant melanoma restores 
compromised dendritic cell (DC) function while having 
differential direct effects on DC properties. Cancer Immunol 
Immunother. 2013; 62:811–22. 

94.	 Tel J, Koornstra R, Haas N, Deutekom V, Westdorp H, 
Boudewijns S, Erp N, Blasio S, Gerritsen W, Figdor CG, 

de Vries J, Hato SV. Preclinical exploration of combining 
plasmacytoid and myeloid dendritic cell vaccination with 
BRAF inhibition. J Trasl Med. 2016; 14:88.

95.	 Ribas A, Hodi FS, Callahan M, Konto C, Wolchok J. 
Hepatotoxicity with combination of vemurafenib and 
ipilimumab. NEJM. 2013; 368:1365–6.

96.	 Becht E, Sautès-Fridman C, de Reyniès A, Fridman WH. 
Immuno-molecular characterization of colorectal cancer 
tumors and its clinical implications. Trans Cancer Res. 
2016; 5:S368.

97.	 Fridman WH, Pagès F, Sautès-Fridman C, Galon J. The 
immune contexture in human tumours: impact on clinical 
outcome. Nature Rev Cancer. 2012; 12:298–306.

98.	 Reck M, Rodríguez-Abreu D, Robinson AG, Hui R, Csőszi 
T, Fülöp A, Gottfried M, Peled N, Tafreshi A, Cuffe S, 
O'Brien M, Rao S, Hotta K, et al. Pembrolizumab versus 
Chemotherapy for PD-L1-Positive Non-Small-Cell Lung 
Cancer. NEJM. 2016; 375:1823–33.

99.	 Motzer RJ, Escudier B, McDermott DF, George S, 
Hammers HJ, Srinivas S, Tykodi SS, Sosman JA, Procopio 
G, Plimack ER, Castellano D, Choueiri TK, Gurney H, et 
al. Nivolumab versus Everolimus in Advanced Renal-Cell 
Carcinoma. NEJM. 2015; 373:1803–13.

100.	Kaufman HL, Russell J, Hamid O, Bhatia S, Terheyden 
P, D'Angelo SP, Shih KC, Lebbé C, Linette GP, Milella 
M, Brownell I, Lewis KD, Lorch JH, et al. Avelumab in 
patients with chemotherapy-refractory metastatic Merkel 
cell carcinoma: a multicentre, single-group, open-label, 
phase 2 trial. Lancet Oncol. 2016; 17:1374–85.


